New Cu(II) triazole coordination polymers with 3D network were synthesized and reversible structural conversion between 3D network and 1D chain with color change was realized by pH 10 controlled acidic and basic-suspensions or vapors. For each conversion process of decreasing and increasing pH, conversion was accomplished with high yield, in which the crystal before conversion played a role of a solid state crystal template.
coordination polymers (MCPs) with characteristic physical properties have been synthesized and relation between their structures and functional properties has been studied. 1 The functional ability of MOF and MCP is sensitive to their structures. Therefore, a drastic structural conversion of MOF 20 and MCP based on the original crystal structure as a template is one of the challenging strategies to control their structures and physical properties. Only a few structural transformations with external stimuli such as temperature, pH or photoirradiation without dissolution was reported in recent years. Here we report in this paper new coordination polymers [Cu 3 (trz) 3 ( 3 -OH)]X 2 ·6H 2 O (X = Cl, Br, trz = triazolate), which could be transformed in the solid state from threedimensional coordination network to one-dimensional chain structure under acidic condition. The present copper metal 30 coordination polymers are almost insoluble in water and thus convenient to study structural conversion in the solid state. A pronounced character of [Cu 3 (trz) 3 ( 3 -OH)]X 2 ·6H 2 O is having 1,2,4-triazole as ligands. 1,2,4-triazole is known as a useful ligand for constructing a variety of MOFs and MCPs. 3, 4 35 This ligand has two different coordination modes depending on its protonation. One is to act as anionic triazolate (trz) ligand which forms tridentate coordination to a metal ion and the other is to act as neutral triazole (H-trz) ligand which constructs bidentate coordination to a metal ion. 4, 5 used to obtain precise diffractions with higher resolution From single-crystal X-ray diffraction, it was found that the two coordinates to adjacent triangular unit, leading to form threedimensional network structure as shown in Fig. 1 and Fig. S2 in ESI. We found considerable space in the crystal. This space makes the three-dimensional network flexible and gives advantage to transform to another structure by external stimuli.
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Two different external pH stimuli were used for solid state structural conversion of 1 and 2, i.e. firstly acidic/basic 10 suspensions and secondly acid/base vapors. Since 1 and 2 are almost insoluble in water, acidic/basic aqueous solutions with several pH = 0.2 ~10 were prepared by HCl/Na 2 CO 3 and HBr/Na 2 CO 3 for 1 and 2, respectively. 5 g of virgin powder crystals as synthesized, which will be called as mother 15 compound G 0 , were suspended in 100 ml Na 2 CO 3 solution of pH=9.84. Then the color of the suspended powder crystals immediately changed and a few minutes later suspended powders were filtrated with almost 100% yield which will be called as generation 1 (G 1 ). A part of this powder specimen 20 was used for powder X-ray diffraction measurements (PXRD) and elemental analysis of H, C, N and Cl (halogen). The rest major part of G 1 was used for successive conversion at pH=9.00, which produces G 2 . Similar conversions were successively conducted for pH= 8.00 to 0.31, producing G 3 to 25 G 15 stemmed from mother compound 1. At each step of conversion, powder crystals G i (i=1~15) were filtrated within a few minutes after G i-1 was suspended in 100 ml of pH controlled HCl/Na 2 CO 3 solution. For mother compound 2, similar conversions were conducted. The color of the powder 30 specimens stemmed from 1 changed from navy to pale bluegreen as the pH value of HCl/Na 2 CO 3 solution was decreased from 10.0 to 0.31, while the two-step color change was observed for the powder specimens derived from 2, which is from blue (pH = 10.0) to pale blue-green (pH ~ 0.6) and from 35 pale blue-green to brown (pH << 0.24). Colors of the filtrated powders are shown in Fig. S3 (a) for 1 and in Fig. S3(b) for 2, respectively. For highly acidic conditions, i.e. pH < 0.6, yield was decreased but more than 65% at least and filtrate was slightly colored blue for a family of 1 and green for 2, 40 indicating that a part of copper ions dissolved in the HCl or HBr solution. As a reference, we tried to obtain precipitate from uniform solution by mixing acidic CuCl 2 /HCl aqueous solution (pH=0.5) and H-trz/HCl aqueous solution (pH=0.5) under the same condition of relative amount of Cu ion, trz ion 45 and HCl aqueous solution. However, no precipitate appeared within several hours. This result indicates that compounds G 13 , G 14 and G 15 are obtainable only in the presence of crystal template of G i-1 . Similar result was also observed for 2. We determined compositional formula of powder specimens G 1 ~ 65 G 15 stemmed from 1 by elemental analysis of H, C, N, Cl (halogen) and relative compositions of each element to 3N of trz were plotted as a function of pH of HCl/Na 2 CO 3 solution in Fig. 2 for G 1 ~ G 15 . A similar conversion for 2 is summarized in Fig. S4 . Relative composition of Cu to N was 70 assumed to 1:3 as expected from crystal structure of virgin sample and converted specimen as described below. Composition of O was estimated as the residual element of the analysis. The structural conversions with different pH values were confirmed by PXRD. The crystallinity was kept good 75 during three cycles of successive conversions as shown in Fig.  3 . For pH = c.a. 1 ~ 6, compositional formula was kept constant as [Cu 3 (trz) 3 ( 3 -OH)]X 2 ·6H 2 O, which is the same as that of virgin specimen, while Cl ion was gradually exchanged by OH ion in higher pH region attending to [Cu 3 (trz) In the next step, we tried to transform the three-dimensional network of 1 and 2 to one-dimensional chain structure not by acidic/ basic suspension but with acid/ base vapor. It was 15 found that conversion from three-dimensional network of 1 and 2 to one-dimensional chain occurred under HCl and HBr gas flow, respectively. Within a few minutes after injecting acid gas, the conversion completed macroscopically as shown in Fig. S6 , where water droplets were seen because of 20 removing OH ion and H 2 O during the conversion. The conversions from 1 and 2 to 3 and 5, respectively, were confirmed by PXRD and elemental analysis like in the case of suspension. Although the successive reverse conversions from 3 (5) to 1 (2) by NH 3 gas was not successful at present, it is 25 noteworthy that drastic change of the structure in the solid state can be accomplished by acid gas.
Finally, a possible mechanism of drastic change of coordination structure found by us will be discussed below. Conversion of coordination modes between three-dimensional 30 network of 1 and 2 and one-dimensional chain of 3 and 5 possibly occurs through removing of OH ion, addition of proton and X ion to trz and Cu by acid and then rotation of trz, translation of Cu, and reconstruction of coordination bond on the template of original 3D structure. This conversion only 35 requires addition of HX and removing H 2 O, which can be easily accomplished in acid gas atmosphere. On the contrary, the reverse conversion by NH 3 gas flow requires removing HX as a solid salt NH 4 X and incorporating H 2 O. These processes are hard to occur in dry gas atmosphere. This 
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